Abstract. There are two important issues in the Genetic Algorithm searching and optimization process: population diversity and selective pressure. These two issues are strongly related and have direct impact on the search efficiency. Two factors that directly influence these issues are often ignored: overlapping populations and fitness scaling. In this paper we address the use of overlapping populations and fitness scaling in a Genetic Algorithm (GA) applied to multi-robot squad formation and coordination. The robotic task is performed over a natural disaster scenario (a forest fire simulation). The robot squad mission is surrounding the fire and avoiding fire's propagation based on the strategy proposed by the GA. Simulations have been carried out with several GA parameters (several types of scaling and different degrees of overlapping) in order to obtain the most efficient optimization for group formation and task execution. Simulations results show that the use of overlapping population and fitness scaling present better results than non-overlapping population and unscaled fitness.
Introduction
There are many fields where a single agent is not sufficient or enough to fulfill a determined task. Tasks like cleaning nuclear residuals, cleaning chemical accidents, forest fire combat or even on constructions, agriculture, hostile environment exploration, security and critical missions may be better accomplished when using a group of agents. Using robotic agents instead of human beings may add security, reliability and efficiency in these tasks. Multirobotic systems are extremely dependent on control techniques; they can add scalability, flexibility and robustness to a wide range of new applications [1, 17, 19] , but they also bring a series of new questions to be solved in collaboration and cooperation. Specialized algorithms, composed by rules and automats have been developed seeking to coordinate these physical sets in dynamic environments, showing to be an extremely complex challenge [7, 3] . Due to this, a large number of researchers are migrating their efforts to several different approaches (e.g. application of classical intelligent artificial techniques, social models, market-based models, swarmbased models).
In the firefighting mission, one of the most important questions is related to the robot position setting. According to the actuation capability of each robot, weather condition (wind, rain), topography, and vegetation, several arrangements can be proposed. These arrangements, when suggested by a specialist, may not take in account a large number of variables. In these cases, machine learning techniques may be successfully used. One of the machine learning techniques that has been showing satisfactory results in solving optimization problems are Genetic Algorithms [11, 16] . It consists in a global optimization algorithm that employs parallel and structured search strategies, directed by fitness points seeking, allowing the multi-criteria search in a multidimensional space. As it is an unsupervised technique, GAs don't need any previous information or solution database. Monitoring and combating of forest fire is an example of multirobotic system that could considerably reduces human, material and environmental losses.
In [21] we proposed and evaluated a Genetic Algorithm to accomplish the formation of a robotic squad that should perform a firefighting task; we evaluate characteristics like chromosome structure, mutation rate, types of mutation, number of individuals and crossover rate. However, two factors that has a strongly influence in the efficiency of the genetic search were not examined, which are: overlapping populations and scaling fitness. Thus, in this paper, we extended the work [21] to evaluate the use of overlapping populations and scaling fitness. The goal of this paper is to find a new set of parameters that allows that the GA converges more efficiently. This paper has the following structure: Section 2 introduces short theoretical description of robot's applications. Section 3 presents concepts and applications of GAs. In Section 4 we explain the developed environment, the proposed fitness and the chromosome's structure. Section 5 describes the evaluation of all performed experiments. We finalize presenting the conclusion of the presented work and the future perspectives.
Mobile Robotics
Several current works demonstrate mobile robotic usage as individual systems on hostile operations as the rescue auxiliary robot Raposa [13] and SACI robot [14] developed for acting on fire combat. Moreover, there are robots to perform tasks on aquatic environments, space, caves and volcanoes exploration, and even to household use. Multirobotic systems must be formed by robots that are able to effective act on tasks, so knowledge about robotic control is a very important field. Works describing intelligent robot navigation can be seen in [25, 10] . In 2004 and 2005, DARPA Grand Challenge [4] , financed by the Defense Advanced Research Projects Agency organized a competition where the goal was building a completely autonomous vehicle that could complete a long way on dirt road on limited time. In 2007 the focus of the competition has changed. Renamed to DARPA Urban Challenge, it had a new goal to develop a vehicle that could perform autonomously on urban traffic, and execute tasks like parking, overtaking and intersection negotiations. These examples show trends in cooperation and multiple interactions.
The work with groups adds a great number of possibilities on tasking-solving but brings a series of new questions to be solved in collaboration and cooperation. Works using multirobotic systems like [24, 2] uses pre-programmed rules on agents to perform formation. In [17, 6] techniques are explored to perform works with collectives robotics, used mainly for the purpose of applying the concept of self-organization and collective optimization although task division is not directed explored. The works described in this section demonstrate that the application of mobile robotics in control of incidents is an important and active topic of research and development. These several competitions also demonstrate that there is still not a definitive or more adequate solution to the problem, and it is an open research field. In all consulted documents there is no consensual form to multirobotic system's conformation and actuation. Unpredicted situations with large degree of autonomy and robustness are still difficult to handle.
Genetic Algorithms
Genetic Algorithms (GA) [11, 16] are global optimization techniques that employ parallel and structured search strategies, allowing multi-criteria search in a multi-dimensional space. They are methods classified as unsupervised, being unnecessary any previous information database. The GAs use iterative procedures that simulate the evolution process of a population constituted by candidate solutions of a certain problem. The evolution process is guided by a selection mechanism based on fitness of individual structures. For each algorithm iteration (single generation), a new structure set is created by information changing (bit or blocks) between selected structures of the previous generation [8] . The result of this conduces to the increasing individual fitness. A GA is structured in a way that the information about a determined system can be coded similarly to a biological chromosome, like a value array, where usually each sequence fragment represents a variable.
Dealing with applications, [18] uses a GA to satisfactorily optimize trajectory planning for a robot arm. In [9] , a GA model correctly evolves values for force and time application to allow a robot to walk. The work [26] presents a GA model to evolve the exploration method of a mobile robot in an unknown environment. None of the works describes the use of overlapping population or fitness scaling. The works [12, 23] show the use of overlapping population and fitness scaling in some theoretical problems (mathematical functions). Their results emphasize that the use of this issues are problem-dependent.
Genetic Issues
There are two important issues in the GA searching and optimization process: population diversity and selective pressure. These two issues are strongly related and have direct impact on the search efficiency. An increase in the selective pressure decrease the population diversity and vice-versa [15] . The population diversity and selective pressure has direct impact on premature convergence or ineffective search. Thus, it is important to stipulate a balance between these factors. Sampling mechanisms are attempt to achieve this goal [15, 23] . Two factors that have directly influence in the sampling mechanisms are overlapping populations and fitness scaling.
The technique of overlapping populations consists of creating a copy of the current population. The genetic operations (selection, crossover and mutation) are carried out on this copy. After the evaluation of individuals in this cloned population, the individuals of original population are replaced considering a percentage of overlap defined by the user. The worst individuals of the original population are replaced by the best cloned population. Thus, they are kept in the original population of a certain amount of unique individuals. The n best individuals have at least one more generation to accomplish for crossover and mutation. Replacing just one part of the population decreases the diversity of the population, thus the use of overlapping population converges faster. However, the exploitation of the search space is much more restricted [5, 8] .
Fitness scaling is done by applying a mathematical function on the original fitness, such that a sample of the population considers the scaled value instead of the raw fitness [23] . There are fitness functions where the value can not be really significant for the search with the GA. Thus, methods have been proposed in literature of scale for the fitness in the search that may increase or not selective pressure and consequently decrease or increase in the diversity of the population [8, 15, 23] . In this study, beyond the evaluation of the raw fitness, four types of scaling are evaluated:
-Linear Scaling: Normalizes the fitness based on minimum and maximum fitness in current population. Sometimes can have a scale factor. The scale factor of 1.2 has been used in accordance to [8] ; -Power Law Scaling: Maps objective scores to fitness scores using an exponential relationship defined as f i = f k i , such that f i is the original fitness and f i is the scaled fitness. Several studies have shown success using k = 1.005, so we use these values in our search; -Sigma Truncation Scaling: Normalizes using population mean and standard deviation, as
. We use c = 2.0 in accordance with specified in [22] ; -Sharing Scaling: Reduces fitness for individuals that are similar to other individuals in the population. This scaling method is used to do speciation 1 . The fitness score is derived from its objective score by comparing the individual against the other individuals in the population. If there are other similar individuals then the fitness is derated [22] .
Group Formation
In order to build a real physical implementation of robotic system, it is highly recommended to test the algorithms on virtual realistic simulation environments. Robotic system's simulation is specially necessary in case of large, expensive or fragile robots because it is an powerful tool to avoid wasting resources [7] . In our case, the proposed simulator should be able to reproduce an environmental disaster for a multirobotic system actuation. We propose the situation of a forest fire. In this case a intelligent vehicle squad (as road grader) has the purpose of combating the forest fire acting by creating firebreaks around the fire.
The detailed characteristics of the fire spreading modeled to this work, as well as the forest fuel models and the real operation techniques are compiled into [20] . The simulated terrain is based on topographical maps and on forest fuel maps models that can also be seen in [20] . The fire spreading simulation try to model the fire propagation as realistic as possible (considering present vegetation type, terrain slope, wind orientation and intensity). Final radius of robot 0; initial of robot 1 10.0m 100.0m 7
Final radius of robot 1; initial of robot 2 10.0m 100.0m 8
Final radius of robot 2; initial of robot 3 10.0m 100.0m 9
Final radius of robot 3 10.0m 100.0m
The planning mechanism uses a GA to define the initial and final operation positions of each robot for fire-fighting, which is developed using GAlib library [22] . Considering that the combat agents are graders which have the finality to create firebreaks, we require that the GA returns the following information: initial and final angle, and initial and final radius for each robot, both related to the fire starting point. The proposed chromosome can be seen in the Table 1 . In this, it is presented information of all group of involved agents, thus, the chromosome size depends on the number of robots in the system. Regarding the GAs parameters, we use alleles that limit the value set generated for each attribute (radius between 10.0 and 100.0 and angles between 0.0 and 360.0 degrees). The use of alleles reduces the search space. Also, we used real genome, optimized for floating point numbers.
The coordinates of operation are calculated using x d = x a + r i · cos(a i ) and s destination position, (x a , y a ) is the starting position of the fire, r i is the radius (gene 5 to 9) and a i is the angle (gene 0 to 4). The radius and the angle are defined specifically to each operation of each robot (initial and final coordinate of firebreaks creation).
The proposed fitness is related with saved vegetation area and combat units usage rate; therefore, the fitness accumulates: (i) Total burned area: trying to minimize burned area, (ii) Firebreak total area: trying to minimize robot's work area, avoiding to create firebreak on non-risk areas, (iii) Trying to minimize the difference among general average of useful firebreaks in relation to each individual useful firebreak, equalizing worked areas. The GA tries to minimize the fitness function value, that means less burned vegetation, less created firebreaks, and less difference between the size of firebreaks of each robot.
Experiments and Results
We evaluated the system considering different percentages of overlap as well as different scaling methods, as show Table 2 . Another GA parameters were obtained from [21] : {selection by stochastic remainder sampling selector; uniform mutation; 10% of mutation; 90% of crossover; two point crossover; 150 individuals; 700 generations}. The climatic characteristics of the fire simulation and the initial positions of robots are set as fixed in order to make the simulations. Ten simulations were performed with each set of parameters, totaling 200 simulations. The simulations considered the existence of four combat agents. Simulations results can bee seen in Fig. 1 . Many visual observations were done on the fire simulator (using the results of the GA), showing that fitness that are below 3,500 are considered satisfactory -the simulations with fitness below 3,500 are able to extinguish the fire with well distributed areas among the robots. Fig. 2 shows some satisfactory and unsatisfactory results of the simulations, where the Fig. 2(a) and 2(b) presents, respectively, fitness of 4,800 and 6,100; considered unsatisfactory results. The Fig. 2 (c) present fitness of 3,200 units; considered satisfactory. We can see in Fig. 1 that only four sets present mean and standard deviation, for all simulations, below 3,500 units. These sets were: {linear scaling with 50% of overlapping; sharing scaling with 50% of overlapping; no scaling with 75% of overlapping and sharing scaling with 75% of overlapping}. Also, we can see that simulations that do not use overlapping populations present considerably worse values.
Whereas we obtained four sets with satisfactory results (fitness below 3,500), the next step was to seek improvements by reducing the number of individuals. Thus we performed a new set of simulations considering the four best sets of parameters but with a decrease in the number of individuals from 150 to 100 and 50. The size of the population is one of the most important choices faced by Table 2 . The x-axis shows the description of the experiment as (scaling method; percentage of overlapping). any user of GA [15] . If the population size is too small, the GA may converge too fast (with unsatisfactory result). If the population is too large, there may be a waste of computational resources.
We can see in Fig. 3(a) that decreasing in the number of individuals, the simulations results are worse. However, even using 100 individual instead of 150, one parameter set could obtain all results with fitness below 3,500 units. This parameter set is that used 75% of overlapping and sharing scaling. No other set could obtain all simulations below 3,500 using 100 individuals. Fig. 3(b) present the fitness curve considering the best set described on previous paragraph. We can see that using both 100 or 150 individuals, the curves are quite similar. Fire spread simulation considered East-West wind direction and relative wind speed at 7km/h; robot navigation speed of 35km/h; robots positioned on 2km far from fire threshold base. The simulations results show that, for the proposed fitness function and chromosome structure, the use of 75% of percentage of overlapping and sharing scaling allowed to obtain best results. Fig. 4 presents satisfactory evolution result applied on 3D virtual simulation environment. The 3D prototype showed that robots completely surround the fire and create the firebreaks on a satisfactory way.
Conclusions and Future Work
In this paper we evaluate the use of overlapping populations and fitness scaling in a GA applied to multi-robot squad formation and coordination. The robotic task is performed over a natural disaster scenario (a forest fire simulation). The robot squad mission is surrounding the fire and avoiding fire's propagation based on the strategy proposed by the GA. Simulations have been carried out to evaluate the effect of fitness scaling and overlapping population in the efficiency of GA search. The simulation's results shows that the use of overlapping population and fitness scaling presents better results than non-overlapping population and unscaled fitness.
There are three future work planned: (i) adaptations to the model to allow experiments using real robots; (ii) the theoretical mathematical study about the influences of fitness scaling using the proposed chromosome; (iii) evaluations of scalability and flexibility of the proposed group formation model.
